We conducted a large-scale DNA fingerprinting analysis of Mycobacterium tuberculosis strains in a country in which tuberculosis is endemic (Tunisia) in order to evaluate the importance of microepidemics in the maintenance of the disease within the population. The genetic polymorphisms of 201 strains ofM. tuberculosis isolated from 196 unrelated patients living in four districts of northern Tunisia during a 3-year period were studied by restriction fragment length polymorphism (RFLP) analysis by using the insertion sequence IS6110 as a probe. Seventy-three strains isolated from 68 patients living in the districts of Tunis, Nabeul, and Jendouba generated 67 different RFLPs, indicating a high degree of polymorphism of the M. tuberculosis strains within these areas. In contrast, the 128 strains isolated from individuals in the district of Menzel Bourguiba appeared much less heterogeneous since they often generated identical or very similar fingerprints. Seventeen of 29 cases (58%) of active tuberculosis in the city of Menzel Bourguiba could be traced to as few as four M. tuberculosis strains. These results indicate the persistence of underestimated microepidemics in this region. The RFLP typing of a large number of randomly collected strains provides a general picture of the strains involved in tuberculosis. The systematic study of limited areas where tuberculosis is endemic can provide evidence for the existence of persisting epidemics. This stresses the different problems which remain to be solved in order to improve the control of tuberculosis.
We conducted a large-scale DNA fingerprinting analysis of Mycobacterium tuberculosis strains in a country in which tuberculosis is endemic (Tunisia) in order to evaluate the importance of microepidemics in the maintenance of the disease within the population. The genetic polymorphisms of 201 strains ofM. tuberculosis isolated from 196 unrelated patients living in four districts of northern Tunisia during a 3-year period were studied by restriction fragment length polymorphism (RFLP) analysis by using the insertion sequence IS6110 as a probe. Seventy-three strains isolated from 68 patients living in the districts of Tunis, Nabeul, and Jendouba generated 67 different RFLPs, indicating a high degree of polymorphism of the M. tuberculosis strains within these areas. In contrast, the 128 strains isolated from individuals in the district of Menzel Bourguiba appeared much less heterogeneous since they often generated identical or very similar fingerprints. Seventeen of 29 cases (58%) of active tuberculosis in the city of Menzel Bourguiba could be traced to as few as four M. tuberculosis strains. These results indicate the persistence of underestimated microepidemics in this region. The RFLP typing of a large number of randomly collected strains provides a general picture of the strains involved in tuberculosis. The systematic study of limited areas where tuberculosis is endemic can provide evidence for the existence of persisting epidemics. This stresses the different problems which remain to be solved in order to improve the control of tuberculosis.
Tuberculosis remains a major public health problem worldwide. This disease affects about 40 million individuals and results in approximately 3 million deaths per year (8) . Identification and subsequent treatment of sputum-positive patients, who constitute the main source of contamination, as well as finding active cases of infection among their close contacts are the keystones of programs for the elimination of tuberculosis. However, despite the implementation of an efficient multidrug therapy and the Mycobacterium bovis BCG vaccine, the incidence of this disease has changed little in developing countries. This indicates that the parameters of disease transmission have yet to be sufficiently understood to improve global tuberculosis control.
Epidemiological studies have been hampered by the lack of markers that are able to differentiate the various Mycobacterium tuberculosis strains. The recent development of restriction fragment length polymorphism (RFLP) analysis for the identification of mycobacteria has made it feasible to evaluate RFLP analysis as an epidemiological tool (7, 9, 11) . Using the IS6110 insertion sequence fragment, which is specific to the M. tuberculosis complex, as a probe, several investigators have detected genotypic variations among M. tuberculosis strains (7, 14, 15 Culture and genomic DNA isolation. Culture of mycobacterial strains and DNA extraction were performed as described by Otal et al. (11) . Briefly, mycobacterial strains were grown for 3 weeks at 37°C in 20 ml of 7H9 Middlebrook medium supplemented with Albumin Dextrose Catalase (Difco). Cycloserine (1 mg/ml) was added for the last 24 h of culture. Bacteria were pelleted by centrifugation and were resuspended for 1 h at 37°C in 500 RI of TE buffer (50 mM Tris [pH 8.1] containing 50 mM EDTA and sucrose [25%; wt/vol]) and 500 ,ug of lyzozyme per liter. Finally, 500 pl of 100 mM Tris (pH 8) containing 400 ,g of proteinase K per ml and 1% sodium dodecyl sulfate (SDS) was added and the suspension was incubated at 37°C for 2 h. The DNA was extracted with phenol and chloroform-isoamyl alcohol (24/1; vol/vol) and was precipitated with ethanol by standard methods (12) .
Separate colonies were obtained from five M. tuberculosis strains by subculturing the strains on solid medium, as follows. Each strain was inoculated in 20 ml of 7H9 Middlebrook liquid medium as indicated above, and then 200-,ul aliquots of the bacterial suspension were plated onto petri dishes containing solid 7H10 Middlebrook medium supplemented with ADC (Difco), and the plates were incubated for 3 weeks at 37°C. Well-grown single colonies were picked up, resuspended in 1 ml of liquid 7H9 Middlebrook medium, grown for 2 weeks at 37°C, and then inoculated in 20 ml of 7H9 Middlebrook medium for an additional 3 weeks of incubation. Forty-one colonies were derived from five M. Labelling of DNA probe. The IS6110 probe specific for the M. tuberculosis complex was isolated from plasmid PMT 03 by EcoRI digestion and was purified by electroelution (13) . The probe was labelled with [32P]dCTP by using the multiprime DNA labelling kit (Amersham). RESULTS A total of 201 M. tuberculosis strains isolated from clinical specimens were typed by the RFLP technique, which revealed a variable number of hybridizing bands (1 to 14 bands) representing the minimum possible number of insertion sequence (IS) copies (Fig. 2) . The vast majority (95%) of the 201 strains had more than six copies. Six strains (3%) contained a single hybridizing band. In five of these six strains the copy was observed in a 3.2-kb PstI fragment, and in the other strain the copy was observed in an 8-kb PstI fragment identical to that described previously in M. bovis (15) . Figure 3 illustrates the high degree of genetic polymorphism that could be demonstrated by the IS6110 fingerprinting technique.
Strains with a high degree of polymorphism. A high degree of polymorphism was found among the strains isolated from 68 unrelated patients (who were of different geographical origins and who had no known relationship to each other) who were admitted to the district hospitals of Tunis, Nabeul, and Jendouba. Except for two isolates from the district of Jendouba, all strains from these areas had different RFLP profiles. In contrast, paired strains isolated from different sites of infection of five patients always exhibited identical RFLP profiles (data not shown). Strains with related RFLP patterns. One hundred twentyeight strains were isolated from unrelated patients who lived in the district of Menzel Bourguiba. In contrast to the strains isolated in the other districts, as described above, many of the strains isolated in Menzel Bourguiba had identical RFLP patterns. In fact, 53 strains shared 12 banding patterns, which are shown in Fig. 3 . These identities were confirmed by Southern blotting with the IS6110 probe after digestion of the genomic DNA with restriction enzymes other than PstI (EcoRI, BamHI, and PvuII; data not shown). The 12 RFLP patterns obtained with PstI are described in Table 1 .
No correlation was found between RFLP types and the phenotypes of resistance to various antituberculosis drugs. For instance, one strain that was resistant to isoniazid, one strain that was resistant to streptomycin, and one strain that was resistant to both streptomycin and pyrazinamide were shown to belong to types XI, XII, and VIII, respectively, as did strains that were susceptible to these drugs. In addition, two strains isolated from the same patient at a 6-month interval had the same RFLP type, although they exhibited different susceptibility patterns. One of these strains was resistant to isoniazid and streptomycin, and another was resistant to isoniazid, streptomycin, and rifampicin. (Fig. 3, lanes f and h) (Fig. 4) . All the strains isolated from the districts of Jendouba, Nabeul, and Tunis appeared to be different from those isolated from Menzel Bourguiba. However, the two strains isolated from Jendouba, which shared identical RFLPs, as well as four other strains from this area had profiles similar to those shown in Fig. 4 In our study, M. tuberculosis strains isolated from the same patient (from different sites of infection or at a 6-month interval) always showed identical RFLP patterns. These findings are in accordance with the findings of Hermans et al. (7) , who showed that no RFLP modification was found after growth of M. tuberculosis in guinea pigs and our previous findings (11) showing that strains isolated from patients with a relapse after 2 years had RFLP types identical to those of the strains isolated during the first diagnosis of the infection.
Our analysis of the RFLPs of 201 mycobacterial strains showed that all strains from unrelated patients living in the areas of Tunis and Nabeul exhibited different RFLP patterns. Except for two strains, the same results were obtained in analyses of strains from patients of the Jendouba area, resulting in 67 different RFLP types among the 68 strains that were isolated. Since these three areas correspond to regions with mixed populations, we feel that our study may provide a general picture of the strains that exist in Tunisia. To prove this, further epidemiological studies with the aim of following the dissemination of strains that have already been identified in the general population will be undertaken.
Strains isolated from the area of Menzel Bourguiba were much less heterogeneous than those from the other areas described above. Among the 128 strains analyzed, 53 shared only 12 RFLP patterns. Preliminary investigations of the patients whose M. tuberculosis strains shared identical fingerprints revealed that although they were apparently unrelated, they frequently lived in the same village or city. This fact was particularly striking for pattern VI, which was characteristic of seven strains isolated only from patients living in Menzel Bourguiba. Seventeen of the 29 strains (58%) isolated in Menzel Bourguiba generated only four different RFLPs. These results suggest that in Menzel Bourguiba, microepidemics of tuberculosis still occur and that contagious patients might have escaped detection by public health authorities who search for active cases. About 70% of the reported cases of tuberculosis in Tunisia are pulmonary tuberculosis; 70% of the patients with pulmonary tuberculosis are sputum positive. Detection of new cases, including active case finding among close contacts of case patients, relies mainly on Ziehl-Neelsen staining. Since this method requires at least 104 to 105 bacilli per ml in the sample for a positive result, many specimens containing lower quantities of bacilli are recorded as negative. Thus, patients with fewer than 104 bacilli per ml are not diagnosed and remain contagious.
Among the 12 RFLP types registered in the Menzel Bourguiba area, several hybridization patterns differed by only one band and, although they were not strictly identical, showed considerable similarities. Similar results were described previously (9) in an analysis of M. tuberculosis strains isolated from close contacts or in the context of outbreaks. These differences might be due to the fact that the IS6110 fragment has the ability to transpose multiple copies (14) . Its transposition might give rise to the modifications noted in some RFLP patterns. By analyzing M. tuberculosis colonies isolated from strains streaked onto solid media, we demonstrated that one IS copy was missing from some of them. Similar changes can occur during the transmission of the bacilli among patients. However, in all cases analyzed so far, this strain evolution is limited to only one IS copy. Since the great majority of M. tuberculosis strains harbor more than six IS copies (8), we believe that their RFLP types will be maintained over long periods of time.
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The heterogeneity of M. tuberculosis strains from the district of Menzel Bourguiba appeared to be considerably less extensive than those of strains from the other three districts (Tunis, Nabeul, and Jendouba) analyzed in the present study. In these last three districts, there is a high degree of mixing of the population and inhabitants are likely to be heterogeneous with regard to their geographical origins. Similar results were previously reported by Van Soolingen et al. (16) . They showed that M. tuberculosis strains from Africa are significantly less polymorphic than strains from the Netherlands. Computer analysis of DNA fingerprints revealed that all 21 African strains tested fell into two clusters, while only 15 of the 21 Dutch strains fell into four clusters. These findings are in agreement with ours and suggest that the degree of polymorphism might be related to the stability of the populations. A higher degree of diversity is observed in big cities or in regions with mixed populations, since strains are imported from many different geographical areas.
We found no correlation between the RFLP types and the susceptibilities of the M. tuberculosis strains to antituberculosis drugs. In M. tuberculosis strains, antibiotic resistance is known mainly to be the acquired type of resistance (10) . Antibiotic resistance is due to spontaneous mutations that arise during noncompliance with chemotherapy, and they do not usually preexist during the first period of infection. However, these resistant strains can be transmitted to other individuals. Identification of their RFLP types should help in giving the appropriate treatment to patients infected by these new mutant strains and also in delineating outbreaks that could result from the dissemination of these resistant strains. The emergence of drug-resistant tuberculosis in the setting of the AIDS epidemic makes this point of utmost importance (3) .
Finally, it should be pointed out that the vast majority (95%) of the M. tuberculosis strains analyzed in the present study displayed more than six copies of IS6110 and five strains had only one copy; of these five strains, it was located in one strain at the same position as the IS copy detected in some M. bovis and M. bovis BCG strains (15) . Therefore, RFLP analysis cannot be used to unambiguously identify strains of the M. tuberculosis complex, including the BCG vaccine strain.
It must be stressed that M. tuberculosis strains isolated from close contacts of patients known to have tuberculosis were not included in the present study in order to avoid bias in the estimation of the number of different RFLPs. We have found that these strains regularly express identical fingerprints (Sa), as reported by others (9, 16) . The microepidemics revealed in the present study involved individuals who were apparently unrelated. The route of transmission of M. tuberculosis between these apparently unrelated patients remains to be elucidated. Although it is well known that contamination is higher among close contacts of a sputumpositive patient (i.e., family members or working place contacts), it is clear that sources of contamination depend largely on sociological habits, which may maintain a high rate of circulation of M. tuberculosis strains. For instance, in villages, contamination can take place between apparently unrelated persons in some socially important gathering points, for example, grocer's and coffee shops, and may be amplified by some local customs (for instance, the common use of the narguileh, an Oriental pipe, in coffee shops). Identification of these mechanisms of contamination will play a key role in limiting the dissemination of M. tuberculosis and improving programs to control tuberculosis.
